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doi:10.1016/j.ejvs.2009.09.007Abstract Objective: The aim of this study was to establish and validate a three-dimensional
imaging protocol for the assessment of Computed Tomography (CT) scans of abdominal aortic
aneurysms in UK EVAR trials patients. Quality control and repeatability of anatomical measure-
ments is important for the validity of any core laboratory.
Methods: Three different observers performed anatomical measurements on 50 preoperative
CT scans of aortic aneurysms using the Vitrea 2 three-dimensional post-imaging software in
a core laboratory setting. We assessed the accuracy of intra and inter observer repeatability
of measurements, the time required for collection of measurements, 3 different levels of auto-
mation and 3 different automated criteria for measurement of neck length.
Results: None of the automated neck length measurements demonstrated sufficient accuracy
and it was necessary to perform checking of the important automated landmarks. Good intra
and limited inter observer agreement were achieved with three-dimensional assessment.
Complete assessment of the aneurysm and iliacs took an average (SD) of 17.2 (4.1) minutes.
Conclusions: Aortic aneurysm anatomy can be assessed reliably and quickly using three-dimen-
sional assessment but for scans of limited quality, manual checking of important landmarks
remains necessary. Using a set protocol, agreement between observers is satisfactory but
not as good as within observers.
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The success of early and long-term treatment with Endo-
Vascular Aneurysm Repair (EVAR) is likely to depend on
reliable baseline assessment of anatomy, appropriate
selection of the endograft and sensitive post deployment
monitoring of the graft for complications.1 Several grading
systems have been proposed to predict outcome ofd by Elsevier Ltd. All rights reserved.
Table 1 Baseline characteristics for the 50 patients
providing CT scans for the validation assessment.
Baseline characteristic # N Z 50
Age at CT scan (years) 73.7 (6.2)
Sex
Male 43 (86)
Female 7 (14)
AAA diameter at randomisation (cm) 6.4 (0.7)
Trial
EVAR Trial 1 42 (84)
EVAR Trial 2 8 (16)
Body mass index (kg/m2) 26.4 (3.5)
Systolic blood pressure (mmHg) 143 (21)
Serum total cholesterol (mmol/L) 5.3 (1.5)
Statin use
Yes 21 (43)
No 28 (57)
Diabetes
Yes 9 (18)
No 41 (82)
Smoking status
Current 6 (12)
Past 38 (78)
Never 5 (10)
Cardiac disease x
Yes 28 (56)
No 22 (44)
Forced Expiration
Volume in 1 second, FEV1 (L)
2.1 (0.8)
Serum creatinine (mmol/L) 105 (23)
# All continuous variables given as mean (standard deviation).
All categorical variables given as numbers (%). Totals do not
always add up to 50 due to occasional missing values.
x Defined as previous history of myocardial infarction, angina,
cardiac revascularisation, severe heart valve disease, signifi-
cant arrhythmia or uncontrolled congestive cardiac failure.
EVAR Trials 3D-Imaging Validation 725endovascular repair2,3 but many of these guidelines have
been based upon expert opinion and retrospective outcome
analyses from registries of preselected patients using two-
dimensional measurement techniques, possibly with
limited repeatability.4e6
The EVAR 1 and 2 trials7,8 offer a unique opportunity to
investigate the performance of both endovascular and open
aneurysm repair. The trials began in September 1999 and
have recruited a total of 1656 patients of both sexes, aged
at least 60 years with large AAA measuring at least 5.5 cm.
Just over 800 patients have been allocated EVAR and all
patients have had the performance of their aneurysm
repair assessed annually with CT scans. Local radiologists
perform anatomical measurements on CT scans at baseline
and during follow-up with reporting of any graft-related
complications and re-interventions. Since the start of the
trials, three-dimensional imaging technology has pro-
gressed considerably such that CT scans can now be
assessed rapidly in centralised core laboratories. In
particular, construction of the Central Luminal Line (CLL) as
a reproducible reference point for all measurements along
the length of the aorta9,10 has lead to faster assessment.
Furthermore, use of three-dimensional imaging has been
shown to reduce measurement variability and to improve
inter observer agreement for patient selection and endog-
raft sizing for endovascular repair when compared to two-
dimensional, multi-planar reconstructions.11 Thus, in 2006
the EVAR trials investigators instigated a three-dimensional
imaging core laboratory to assess the measurement accu-
racy and repeatability of CT scan measurements within the
trials. The aim of the present study was to establish and
validate the EVAR trials core laboratory methodology in
a representative sample of the baseline CT scans.
Materials and Methods
EVAR trials CT scans
The EVAR trials 1 and 2 methods and mid-term results have
been published previously.7,8,12,13 In brief, they randomised
patients of both sexes aged 60 years or older with an
abdominal aortic aneurysm diameter 5.5 cm, confirmed
on a CT scan and deemed suitable for endovascular repair
by the local investigators. Fit patients were entered into
EVAR trial 1 and allocated either EVAR or open repair and
unfit patients were entered into EVAR trial 2 and allocated
EVAR with medical therapy or medical therapy alone. All
patients had pre and postoperative EVAR protocol CT scans
and two research radiographers were employed to travel to
all centres and collect electronic copies of as many CT
scans as possible for the core laboratory. Ethical approval
was granted for patients enrolled in the EVAR trials and for
centralisation of CT data in a core laboratory. During this
time, archiving of CT scans was not mandatory in the UK
and availability of scans varied enormously throughout the
41 EVAR trial centres. Similarly, the quality of the retrieved
scans varied widely in terms of slice thickness (1 mm to
10 mm), contrast enhancement and reconstruction interval
and, thus, not all scans were suitable for three-dimensional
computing. Other scans had been destroyed, were incom-
plete or were not available in a digital format. Eventually,4877 scans could be retrieved that satisfied the minimal
formal requirements of three-dimensional computing. Of
those, 1013 were preoperative scans. For validation of core
laboratory methodology at baseline, 50 preoperative CT
scans were selected randomly to represent the available
trial scans. Baseline characteristics of the patients
providing these 50 scans are shown in Table 1 and were
comparable to all the patients randomised into the trials.13
Three-dimensional imaging software
The EVAR trials core laboratory uses a three-dimensional
imaging workstation (Vitrea 2, Version 4.3.044.0, Vital
Images Inc., Minnetonka, MN, USA) which is able to
compute a spatial reconstruction from axial CT images in
the ‘‘Digital Image and Communication in Medicine‘‘
726 T.R. Wyss et al.(DICOM) format and to introduce a CLL automatically into
the aorta and the iliac arteries. The software then creates
curved reconstructions along the CLL for axial length
measurements and reconstructs cross-sectional planes
perpendicular to the CLL at any given point for parallax-
free measurements of cross-sectional diameters and areas.
In addition, the software is programmed to attempt to
define the contours of the vessel lumen (i.e. the contrast
medium core) and of the outer wall, both of which are the
basis for reproducible diameter measurements and
volumetric calculations. Furthermore, the software auto-
matically proposes the location of the five crucial land-
marks; the position of the lowermost renal artery, the start
of the aneurysm, the aortic and both iliac bifurcations.
Measurement protocol
The software has been designed to collect a set of 56
anatomical measurements and a pre-defined statistical
analysis plan specified that 13 of the most important
measurements should be selected for assessment of
reproducibility (Table 2). Measurements are classified into:
Length measurements
All axial lengths were measured along the CLL as a distance
between two cross-sectional planes perpendicular to the CLL.
Cross-sectional measurements
Diameters and areas were measured automatically in
perpendicular planes to the CLL based on the contours of
the vessel lumen or outer wall, respectively.Table 2 Results for agreement between automation level 2 (la
Variable (mean of automation level 3 [range]) Lower lim
Neck length (33.1 [3.5e67.0]) 17.3
Lowest renal to bifurcation length
(129.9 [75.5e168.0])
9.4
Lowest renal plane diameter max
(25.4 [16.5e33.1])
9.5
Distal neck plane diameter max
(30.1 [22.3e42.9])
5.7
Maximum aneurysm plane diameter max
(65.2 [49.8e84.4])
10.3
Right common iliac length (54.5 [28.5e96.0]) 7.5
Left common iliac length (53.8 [26.5e97.5]) 6.6
Lowest renal plane area (453 [204e733]) 186
Distal neck plane area (654 [348e1362]) 181
Maximum aneurysm plane area
(2964 [1609e4775])
965
Lowest renal to bifurcation total volume
(208893 [109744e359323])
5.4 10
Neck landing zone total volume
(18356 [1458e41223])
1.1 10
Neck angulation (34.8 [13.6e74.5]) 8.0
Lengths and diameters in mm, areas in mm2 and volumes in mm3, ang
agreement ( two standard deviations from the mean difference).
* Mean difference expressed as a percentage of the mean value for tVolume measurements
These correspond to vessel segments between two cross-
sectional planes at right angles to the CLL and include
either vessel lumen (i.e. the volume filled with contrast
medium) and vessel wall (measurement along outer vessel
wall contour) or only vessel wall volume (outer wall volume
minus lumen contour volume). Within the vessel wall,
volume of associated thrombus and/or calcifications could
be determined based on different quantities of Hounsfield
Units (HU). The preset threshold limits for calcifications
were 150e1300 HU.14,15
Angulations
Axes along the CLL were used as the basis for assessment of
vessel angulations. Tortuosity index was expressed as the
ratio of the distance between two cross-sectional planes
along the CLL and the shortest direct (i.e. straight) distance
between those two planes. Therefore the tortuosity index
of a perfectly straight vessel would be 1.
The validation process consisted of 3 stages; Stage 1 e
compare agreement between 3 automated methods for
measuring neck length against a reference (reader 1, TW),
Stage 2 e compare agreement between of 3 different levels
of automation andmanual checking of measurements, Stage
3 e test the intra and inter observer reproducibility of the
finalmeasurementprotocol basedupon theoptimal choiceof
neck length measurement and the level of automation.
Stage 1 e neck length measurements
The first aim of this study was to determine whether it was
feasible to automate measurement of aortic neck lengthndmark check) and level 3 (reference).
it Variability of
automation level 2
relative to automation
level 3 mean difference (%)*
Upper limit
þ3.9 (þ12%) þ25.0
0.8 (0.6%) þ7.9
þ2.5 (þ10%) þ15.5
þ3.4 (þ11%) þ12.5
þ1.1 (þ2%) þ12.5
1.4 (2.6%) þ4.7
1.3 (2.4%) þ3.9
þ76 (þ17%) þ337
þ165 (þ25%) þ511
þ56 (þ2%) þ1077
4 þ1.4 104 (þ7%) þ8.2 104
4 þ5378 (þ29%) þ2.2 104
þ1.1 (þ3.2%) þ10.1
les in degrees. The upper and lower limits represent the limits of
hat variable.
EVAR Trials 3D-Imaging Validation 727(i.e. the distance between the lowermost renal artery and
the start of the aneurysm) in an automated and stand-
ardised way. The lowermost renal artery plane was defined
as the first plane where a total separation of the lumen of
the lowermost renal artery from the aortic lumen was
shown. The presence of accessory renal arteries was
recorded. The start of the aneurysm was defined as the
start of the main distension. Minor bulges above this were
not considered to be part of the aneurysm. Three auto-
mated calculations were tested and compared with the
reference of a manual observer setting the neck length by
carefully visualising the 3-D reconstruction CT scan:
1. Percentage change diameter. This method assumed the
start of the aneurysm was located after there had been
a 15 percent increase of the largest cross-sectional
diameter along the CLL when compared to the aortic
diameter just below the lowermost renal artery. A
diameter increase of 15 percent has been used previ-
ously.16 We proposed to use the same method.
2. Percentage change area. Similarly, this method
assumed the start of the aneurysm was located at a 32
percent increase of the cross-sectional area as this
corresponds arithmetically to a 15 percent increase of
diameter.
3. Area rate of change. This method assumed the start of
the aneurysm occurred when the rate of change of
cross-sectional area appeared to increase exponen-
tially, i.e. a sudden increase of cross-sectional areas
along the CLL.
Stage 2 e Levels of automation
The second aim was to evaluate the 3 levels of automation
available when using this software:
1. Full automation / fastest assessment. The software
assigns the CLL, the vessel contours and quotes all
requested landmark measurements without any manual
checking.
2. Landmark check / fast assessment. The Vitrea software
assigns the CLL and contours but the landmarks are
checked and amended when necessary.
3. Semi-automation / slowest assessment. The Vitrea
software assigns the CLL, contours and landmarks, but
all of them are checked and amended when necessary.
This is regarded as the reference against which the
faster measurement assessments are compared.
In each run, the time needed to achieve these different
levels of automation was recorded.
Stage 3 e Estimation of intra and inter observer
variability
The third aim was to estimate intra and inter observer
variability of the optimal measurement protocol deter-
mined by stages 1 and 2. All measurements were performed
by three independent observers blinded to the other
observers’ results (T.W.; F.D.; A.E.) under standardised
core laboratory conditions. To assess intra observer
variability, T.W. performed the analysis twice. All
measurements were collected automatically by Vitrea and
exported to an EXCEL spreadsheet. All observers were ofsimilar experience with the Vitrea software, therefore no
reference could be defined.
Statistical analysis
Agreement between the reference and the 3 neck length
assessment methods and the 3 levels of automation was
assessed by plotting the difference between each reading
and the reference with the limits of agreement ( two
standard deviations around the mean difference) as
described by Bland and Altman.17 This method was also
used to assess agreement and variability of intra and inter
observer measurements within the 13 variables described in
Table 2. All analyses were performed using Stata Version 10
(Stata Corp, TX, USA).
Results
The baseline characteristics of the patients providing the CT
scans used for the validation are described in Table 1. The
mean CT slice thickness was 2.7 0.8 mm, 20 scans (40%)
were high resolution (i.e. 2 mm). Even though all scans
passed the formal quality requirements for three-dimen-
sional computing, one scan failed segmentation by the soft-
ware and could not be assessed. Therefore, all of the
following analyses are based on measurements of 49 scans.
Automated neck length measurement
The results for the percentage change in diameter,
percentage change in area and the area rate of change
automated methods were plotted against the reference
neck length as measured by observer 1 (T.W.) (Fig. 1). All
automations showed considerable difference from the
reference. The smallest difference was seen with the area
rate of change method; however, this still overestimated
the neck length substantially with a mean difference of
5.0 mm (15%).
Level of automation
The comparison of different levels of automation showed
that agreement with the reference deteriorated consider-
ably when manual correction is reduced (Table 2 and 3).
The fully-automated method was instantaneous, corre-
sponding to 0 minutes, but generating results with intoler-
able limits of agreement. The average (SD) times of
assessment were 2.9 (0.7) and 17.2 (4.1) for the landmark
checked and semi-automated methods respectively.
Therefore, although the ‘‘landmark check’’ is significantly
faster to perform than the semi-automated measurement,
it can deviate considerably from the morphology as
measured by the reference. The largest differences were
found mainly in area and volume measurements (up to 29
percent) and this may reflect some systematic limitations
of the software to detect the outer vessel wall reliably but
is more likely to relate to the limited quality of the scans
archived in the EVAR trials. With full automation no
differences in measurements were recorded, when per-
formed on four different days, to assess the internal
repeatability of the software.
Figure 1 Bland-Altman plots of the mean differences between the manual neck length measurement by reader one (reference)
and the three automated neck length measurements.
728 T.R. Wyss et al.Intra and inter observer agreement
Based upon the agreement results of the 3 neck length
measurement methods and the level of automation
assessments, it was agreed that the measurement protocol
would be clinical judgement of the neck length and level of
automation 3. Results for intra and inter observer repro-
ducibility of this measurement protocol for the 13Table 3 Results for agreement between automation level 1 (fu
Variable (mean of automation level 3 [range]) Lower lim
Neck length (33.1 [3.5e67.0]) 31.1
Lowest renal to bifurcation length
(129.9 [75.5e168.0])
41.8
Lowest renal plane diameter max
(25.4 [16.5e33.1])
16.6
Distal neck plane diameter max
(30.1 [22.3e42.9])
9.7
Maximum aneurysm plane diameter max
(65.2 [49.8e84.4])
12.9
Right common iliac length (54.5 [28.5e96.0]) 47.2
Left common iliac length (53.8 [26.5e97.5]) 41.5
Lowest renal plane area (453 [204e733]) 585
Distal neck plane area (654 [348e1362]) 239
Maximum aneurysm plane area
(2964 [1609e4775])
969
Lowest renal to bifurcation total volume
(208893 [109744e359323])
7.2 10
Neck landing zone total volume
(18356 [1458e41223])
1.8 10
Neck angulation (34.8 [13.6e74.5]) 104
Lengths and diameters in mm, areas in mm2 and volumes in mm3, ang
agreement ( two standard deviations from the mean difference).
* Mean difference expressed as a percentage of the mean value for tmeasurements agreed in the statistical analysis plan are
presented in Table 4. Both intra and inter observer agree-
ment was good, with small mean differences within and
between observers and only 2 differences demonstrating
a >10 percent measurement error. However, the limits of
agreement were fairly wide and any results from analyses
of core laboratory data based upon the quality of these
scans should be interpreted in relation to these limits.ll automation) and level 3 (reference).
it Variability of
automation level 1
relative to automation
level 3 mean difference (%)*
Upper limit
þ2.6 (þ7.7%) þ36.3
5.5 (4.2%) þ30.8
þ0.2 (þ0.7%) þ16.9
þ3.5 (þ11.7%) þ16.7
þ0.849 (þ1.3%) þ14.5
11.3 (20.7%) þ24.7
9.4 (17.4%) þ22.8
þ8.0 (þ1.8%) þ601
þ149 (þ22.8%) þ536
þ55 (þ1.9%) þ1080
4 þ1.1 104(þ5.3%) þ9.3 104
4 þ3548 (þ19.3%) þ2.5 104
þ17.0 (þ48.9%) þ70
les in degrees. The upper and lower limits represent the limits of
hat variable.
Table 4 Intra and inter observer variability for 49 baseline CT scans in the EVAR Trials.
Variable (mean
value of 1st
measurement of
reader one [range])
Intra observer
variability of reader
one relative to 1st
measurement of reader one
Inter observer
variability of reader
two relative to 1st
measurement of reader one
Inter observer
variability of reader
three relative to 1st
measurement of reader one
Lower
limit
Mean
difference (%)*
Upper
limit
Lower
limit
Mean
difference (%)*
Uppe
limit
Lower
limit
Mean
difference (%)*
Upper
limit
Neck length (33.1 [3.5e67.0]) 3.8 þ0.4 (þ1.2) þ4.7 9.4 0.4 (1.2) þ8.7 14.2 þ1.5 (þ4.5) þ17.2
Lowest renal to bifurcation
length (129.9 [75.5e168.0])
2.9 þ0.8 (þ0.6) þ4.6 3.4 þ1.0 (þ0.7) þ5.4 15.0 þ1.8 (þ1.4) þ18.5
Lowest renal plane diameter
max (25.4 [16.5e33.1])
1.8 þ0.8 (þ3.1) þ3.5 2.6 þ0.2 (þ0.8) þ3.0 3.6 þ0.3 (þ1.2) þ4.2
Distal neck plane diameter max
(30.1 [22.3e42.9])
3.1 þ0.2 (þ0.7) þ3.4 5.5 0.2 (0.7) þ5.1 15.9 0.4 (1.3) þ15.0
Maximum aneurysm plane
diameter max
(65.2 [49.8e84.4])
3.2 þ0.3 (þ0.5) þ3.7 4.2 0.2 (0.3) þ3.9 6.7 0.8 (1.2) þ5.2
Right common iliac length
(54.5 [28.5e96.0])
14.5 0.3 (0.6) þ13.9 13.9 6.0 (11.1) þ2.0 12.4 0.9 (1.7) þ10.6
Left common iliac length
(53.8 [26.5e97.5])
5.0 þ0.4 (þ0.8) þ5.9 13.1 6.1 (11.5) þ0.8 8.8 2.0 (3.8) þ4.7
Lowest renal plane area
(453 [204e733])
54.3 þ19.2 (þ4.2) þ92.7 91.8 5.3 (1.2) þ81. 125.5 þ5.2 (þ1.1) þ136.0
Distal neck plane area
(654 [348e1362])
111.0 þ7.2 (þ1.1) þ125.4 200.1 4.3 (0.6) þ191 733.6 12.7 (1.9) þ708.1
Maximum aneurysm plane area
(2964 [1609e4775])
443.3 4.2 (0.1) þ435.0 528.7 25.8 (0.9) þ477 858.7 123.7 (4.2) þ611.3
Lowest renal to bifurcation
total volume (208893
[109744e359323])
4.0 103 þ3417 (þ1.6) þ1.1 104 9.2 103 þ1720 (þ0.8) þ1.3 4 1.1 104 þ1570 (þ0.8) þ1.5 104
Neck landing zone total volume
(18356 [1458e41223])
2.4 103 þ530 (þ2.9) þ3.5 103 6.8 103 274 (1.5) þ6.3 3 9.6 103 þ1355 (þ7.4) þ1.2 104
Neck angulation (34.8
[13.6e74.5])
1.8 0.2 (0.6) þ1.5 6.4 þ0.1 (þ0.3) þ6.7 9.0 þ0.8 (þ2.3) þ10.6
Lengths and diameters in mm, areas in mm2 and volumes in mm3, angles in degrees. The upper and lower limits represent the l of agreement ( two standard deviations from the
mean difference).
* Mean difference expressed as a percentage of the mean value for that variable.
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730 T.R. Wyss et al.Discussion
This study validated a simple and fast three-dimensional
aortic aneurysm measurement protocol under core labora-
tory conditions using scans of moderate quality using
a specific 3D software package with clinical judgement of
aortic morphology as the reference. Firstly, we evaluated
the accuracy of 3 automated methods for determination of
neck length (i.e. the distance between the lowermost renal
artery and the start of the aneurysm). Although accuracy of
this measurement appears to be improved in our series
when compared to earlier studies with poor inter observer
repeatability,18 the three automated methods we tested
demonstrated poor agreement with the reference of
manual clinical judgement. Nevertheless, the methods
were valid conceptually and perhaps with further
refinement could offer a high speed alternative in the
future, but for our purposes they proved to be unsuitable.
Secondly, we tried to establish a balance between the
accuracy of measurements collected using different levels
of automation and the time taken to collect each set of
measurements. On the basis of these results, it is clear
that, when using this particular software on our core
laboratory data, clinical judgement of the neck length is
required in combination with checking and amending of the
CLL, the contours, and the remaining landmarks to
precisely assess the aneurysm.
Quantification of the degree of intra and inter observer
agreement of measurements is helpful in interpreting any
results arising from analyses of core laboratory data. In this
study, the repeatability of measurements and their accu-
racy, as compared to the reference, was good, particularly
for repeated measurements by the same observer. Phantom
model studies using the Vitrea workstation have been per-
formed before and prove that spatial reconstruction of two-
dimensional images resulted in a correct representation of
the actual dimensions.19 However, to achieve accurate
measurements, the observer needed to check and, if
necessary, correct the essential landmarks, the position of
the CLL, and the exact contours of the vessel lumen and the
outer wall first before measurements could be taken.
Nevertheless, this still allows for an accurate and fast
morphological assessment with a short average total time
(SD) of 17.2 (4.1) minutes for complete assessment of the
aneurysm and both iliacs. Previously published work has
shown an average time needed for semi-automated volu-
metry of only the aneurysm of 15 minutes.20
Conventional CT scans are limited in various ways,
particularly in their susceptibility to parallax error bias.
This occurs when part of the aneurysm is orientated
parallel to the axial images and this effects the accuracy
and reliability of all types of measurements, including
lengths, areas, volumes, and angulations. Technical
measurement restrictions may occur when reference points
cannot be brought into the same planar reconstruction. The
Vitrea 2 software introduces a CLL in the aneurysm body
and both iliacs. In our study the automated setting of the
CLL was excellent and the observers never needed to
change the automated CLL manually. This is very encour-
aging as the CLL is the fundamental building block on which
all the subsequent measurements are taken. Furthermorethe software is capable of separately viewing and
measuring the lumen and the wall and is able to quantify
the degree of calcification, a parameter which is consid-
ered to be an important factor for outcome after EVAR.5
Study limitations
Variability of three-dimensional computed tomography
scan measurements may significantly depend on the quality
of scan (i.e. slice thickness, reconstruction interval and
contrast enhancement). In general, one might expect
better agreement between observers with higher resolution
scans. Enrolment in the EVAR trials started almost 10 years
ago.12 Since this time, the quality of the scans has improved
greatly, and it is possible that measurements are more
reliable in the more recent CT scans. We have studied scans
with slice thicknesses of 1e5 mm and it is likely that poor
scan quality may account for some disagreement in terms
of the setting of the landmarks, as the three-dimensional
software interpolates in between the slices. Moreover, it
limits the applicability of our methodology exclusively to
scans of a similar quality to those archived as part of the
EVAR trials. We have used a random sample of the EVAR
trial patients as it is important to test the software on all
thicknesses of scans so that the results of future analyses
using the EVAR trial core laboratory data can be interpreted
in relation to the reproducibilities presented here.
Although we clearly did not aim to validate this method-
ology for high-quality CT datasets, or suggest trans-
ferability of it to such scans, this lack of generalisability is
a clear limitation of the clinical impact of this study. Our
validation is not based on current imaging techniques and is
not intended as a planning tool.
The concept of using a CLL as a basis for measurements
along it or in perpendicular planes to it aims to eliminate
parallax error. Reformatted oblique projection visualisation
helps to reduce this bias in the presence of angulation.
Parallax error should occur less with a CLL but it has to be
understood that this does not render the measurements
entirely parallax-free.
We used the measurements performed by reader 1 as
a reference. This is a limitation since his measurements
have not been validated nor were tests performed to assess
the accuracy. Reader one was chosen, because he is
employed as the primary examiner of the core laboratory
CT scans. It was only possible to assess the intra observer
variability of observer 1 as observers 2 and 3 were not based
at the core laboratory site and were unable to dedicate the
considerable additional time required to repeat all
measurements twice. Unfortunately, this limits the intra
observer variability to being the same as the reference
variability. It is possible that additional inter observer
variability could be present across different levels of
experience in CT scan assessment. This influences the way
in which the aneurysms are perceived particularly in terms
of decisions such as to where the aneurysm starts. We tried
to standardise this by defining the start of the anatomic
aneurysm as the start of the main distension. The
measurement was confounded further by detection of any
accessory renal arteries, which were overlooked in some
cases.
EVAR Trials 3D-Imaging Validation 731Assessment of preoperative neck anatomy is likely to be
improved with three-dimensional computed tomography
reconstruction and this may help clinicians with selection of
the most appropriate device for a given patient. An
additional implication of this evaluation is the possibility of
the investigation of the aortic anatomy not only by
a diagnostic radiologist, but directly by the surgeon or
interventional radiologist. This may represent the future
model of preoperative planning but quality control and final
responsibility will almost certainly always lie with the
treating clinician. Furthermore, detailed and accurate pre
and post EVAR measurements offer potentially useful
information for manufacturers both in terms of reducing
structural complications with future device modifications
and designing grafts that are better at meeting the
morphological needs of future patients. To reach these
goals, current high-quality CT scans are likely to be
necessary.
Conclusions
Under core laboratory conditions and using the Vitrea 2
three-dimensional software, high levels of intra observer
repeatability can be achieved using scans of moderate
quality such as those used in the UK EVAR trials. However,
in this series, inter observer agreement is somewhat
limited, mainly due to alternative interpretation of crucial
landmarks between observers, such as the lowermost renal
artery and the start of the aneurysm. Therefore the EVAR
trials core laboratory will use a single observer for each of
its studies and results of any analyses will be interpreted in
relation to the limits of agreement demonstrated using this
measurement protocol.
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